Recently, experimentally induced diabetes has been shown to with streptomin before mating, and the influence of dia-affect the production of EGF and the number of EGF receptors betes on epidermal growth factor (EGF) in milk and on in several organs (1 4-18). In diabetic mice, the synthesis of EGF other milk components was studied. Throughout the lac-in the submandibular glands is impaired (14, 15) , and in diabetic tation period, a significant decrease was found both in the rats a decrement in the number of EGF receptors in hepatocytes production of milk and in the concentration of EGF in milk (16) and in placenta has been reported (17). Also, the function from untreated diabetic rats compared with an insulin-of the EGF system seems to be influenced by diabetes, inasmuch treated diabetic group and a control group. Thus, the total as autophosphorylation of the EGF receptor is reduced (1 8). It output of EGF in milk from diabetic rats was considerably is not known, however, whether diabetes results in a decrease in decreased. The concentrations of total protein and hapto-the content of EGF in milk, which might be a cause for changes corrin, a cobalamin (vitamin BIZ)-binding protein, and the in the neonatal development. This prompted us to examine the content of fat, however, were unaltered by diabetes. There-contents of EGF, total protein, the cobalamin (vitamin Biz)-fore, the decrease in milk EGF seemed to be selective binding protein haptocomn, and fat in milk from rats with compared with total protein in milk. The pups of diabetic experimentally induced diabetes and to observe the postnatal dams had reduced body weights within 1 wk of lactation maturation of the pups during the lactation period. and reduced body lengths on d 16 of lactation compared with control pups. Furthermore, the time of eyelid opening was delayed, but no difference in the time of tooth eruption MATERIALS AND METHODS was observed. Insulin-treatment of diabetic rats restored the milk volume and the EGF concentration to values Animals. Female nullipara Wistar rats weighing 220-240 g comparable to those of the controls. Pups of the insulin-were randomly allocated into three groups: 1 ) diabetic, insulintreated diabetic dams were comparable to the pups of the treated during pregnancy but untreated during lactation; 2) controls. These results indicate that insulin deficiency in diabetic, insulin-treated during pregnancy and lactation; and 3) lactating rats causes a decrease in the lactational perform-a control group. ance and in the EGF content of milk. (Pcdiatr Res 35:
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THULESEN ET AL istration of 1 IU Syntocinon S.C. (Oxytocin, Sandoz, Basel, Switzerland). A milking session lasted 45 min per rat. The milk was immediately centrifuged at 25 000 x g for 30 min at 4°C. The fat was removed and the rest was centrifuged for an additional 30 min at 25 000 x g. The whey fraction was then recovered by aspiration. Trasylol (Aprotinin, Bayer, Leverkusen, Germany) 500 kIU per mL was added, and the samples were stored at -20'C.
Development ofpups. The pups were observed daily for incisor eruption and eyelid opening. Their weight and head-to-tail length were measured on d 1, 6, 16, and 2 1.
Laboratory analyses. EGF was quantified in milk samples with an ELISA as described by J~rgensen et al. (20) . Milk proteins were measured by the Pierce bicinchoninic acid method (21) . The unsaturated cobalamin-binding capacity was determined using cyano-["CO]cobalamin ( 1 1.2 Bq/fmol) (Amersham International, Buckinghamshire, UK) and hemoglobin-coated charcoal as described by Gottlieb et al. (22) . Milk fat was measured in a microhematocrit centrifuge and expressed as a fraction of the total volume.
Calculations and statistics. The nonparametric Mann-Whitney test was used for comparison of groups, and results are accordingly given as medians and ranges. Values of p < 0.05 were considered significant.
RESULTS
Milk from streptozocin-diabetic rats receiving no therapeutic intervention after parturition was compared with that of diabetic animals receiving insulin and control animals.
Milk volume. The volume of milk produced ( Fig. 1 ) was significantly reduced in untreated diabetic rats compared with both controls and insulin-treated diabetic rats. This difference between the groups was significant on all days measured, except when the untreated group was compared with the insulin-treated diabetic group on d 1.
EGF in milk. The concentration of EGF was significantly decreased on all days measured in milk from the untreated diabetic dams compared with the controls (Fig. 2a) . The difference in the total output of EGF (Fig. 26) was even more pronounced when the untreated diabetic group was compared with both the insulin-treated diabetic and the control groups on the days measured, because the low volume of milk became additive to the reduced concentration of EGF. The total output of EGF in milk of the controls and insulin-treated diabetic rats both reached maximum values on d 16. In contrast, the total output of EGF from the untreated diabetic rats remained constantly low throughout the lactation period. Expressed as the EGF-total protein ratio (Fig. 2c) , a significant reduction was observed in the milk from the untreated diabetic group compared with the insulin-treated and control groups.
Haptocorrin, total protein, and fat in milk. In contrast to the reduced content of EGF in milk, the concentration of haptocorrin ( Fig. 3a) was not decreased in milk from the diabetic rats. On d 16 of lactation, the concentration of haptocomn decreased in milk from the controls, but this decrement was absent at the same time point in milk from both the diabetic and insulintreated diabetic groups. The concentration of total protein ( found in the percentages of fat between any of the groups (data not shown).
Litter size and body weight. At parturition, no macroscopically visible malformations or difference in the number of pups was observed between the groups. Body weights were also comparable. However, in the untreated diabetic group, the weights of the pups were significantly reduced on d 6, 16, and 2 1 (Fig. 4a) .
On the basis of head-to-tail length (Fig. 4b) , pups of the untreated diabetic dams were significantly shorter on d 16 and 21 than pups of the control and insulin-treated diabetic groups. The pups of the untreated dams had a smaller corpus, relatively large paws, and less hairy skin than the pups from the insulin-treated and control dams (Fig. 5) .
Eyelid opening and tooth eruption. On d 16 of lactation, all pups of the control rats and the insulin-treated diabetic rats had opened their eyelids. However, only 24% of the pups of the untreated diabetic dams had open eyelids on d 16. In contrast, no difference was observed in the time of tooth eruption, this being completed at the same time in all three groups of rats (d 13).
DISCUSSION
In this study, we found that untreated diabetic rats ~roduce significantly less milk with a significantly decreased concentra- In contrast, the concentration of total protein, the concentration had delayed eyelid opening and reduced body weight and head-to-tail of the cobalamin-binding protein haptocomn, and the milk fat length but no difference in the time of tooth eruption compared with percentage were not affected by the insulin deficiency.
pups of controls.
It has previously been demonstrated that insulin deficiency in experimental diabetes causes a decrease in the synthesis of EGF in the submandibular glands (14, 15). These findings were observed only after several weeks of untreated diabetes. The decrement in milk EGF in the present study was measured within a period of only 24 h of insulin deficiency.
Insulin treatment restored the values of milk yield and the concentration of EGF to values comparable to those of the controls and thus normalized the total output of EGF. This indicates that insulin treatment reverses the decrement in the secretion of EGF from the mammary glands in accordance with previous findings in the submandibular glands of diabetic mice (14), thus indicating that the alterations in the secretion of EGF are caused by the diabetes directly and that they are not effects secondary to the streptozocin used to induce the diabetic state ( 14) .
In the present study, untreated diabetes caused no decrease in the concentration of total protein or haptocomn, suggesting that diabetes impairs the secretion of selected proteins such as EGF, rather than playing a role in the secretion of all proteins into milk. The measured course of the concentration of haptocomn in milk from the controls during the lactation period in the present study is in accordance with our previous report (23). However, the concentration of haptocomn in milk from the diabetic and insulin-treated diabetic groups did not decrease to a level comparable to that of the controls on d 16 of lactation, and the former groups had significantly higher concentrations of haptoconin on this day in comparison with the controls. H a p tocomn is synthesized only in single, scattered cells in the tubuloalveolar glands (23), whereas the immunoreactivity of EGF has been observed at the luminal border of almost all alveolar cells of the mammary glands (8, 24) . Thus, the cells capable of the synthesis of haptocomn do not seem to be affected by the deficiency of insulin in contrast to the cells synthesizing EGF. These results indicate that the content of EGF in milk is dependent on insulin, which is in concert with our previous findings that daily insulin treatment of normal, lactating rats in a dose not causing hypoglycemia increases the concentration of EGF without any effects on the volume of milk collected (24). However, an influence of hyperglycemia per se on the content of EGF in milk of diabetic rats cannot be excluded.
In a previous study with rats, body weight gain of pups from untreated diabetic dams was reduced during the first 10 d of lactation, which was related to a poor lactational performance (25). The latter was suggested to correlate with an impaired pituitary secretion of prolactin and a poor development of the mammary glands (25). This seems consistent with the findings in the present study that the volume of milk collected from insulin-deficient rats was significantly reduced compared with the insulin-treated and control rats. In treated diabetic women, the volume of milk obtained at suckling was reduced to half the volume obtained from control women (3). A decrease in the milk yield has also been observed in ewes with mild hyperglycemic alloxan-induced diabetes, but, in contrast to the present report, the content of milk fat from the ewes was also significantly decreased (26).
The present induction of diabetes by streptozocin was performed with a sufficient interval between the drug injection and mating to prevent any direct effects of the drug on the fertilized ovum (27). Primarily a fourth group of diabetic rats that were untreated during pregnancy were included in the experimental series, but these rats had to be excluded from the study because they were unable to lactate even though they had a full-term delivery with offsprings comparable to the controls.
The number, the weight, and the head-to-tail length of the pups were comparable in the three groups of rats at the time of delivery. However, in accordance with a previous report (26), the body weight gain of the pups from the untreated diabetic rats was significantly reduced in the course of the lactation period. In these pups, a notable delayed time of eyelid opening was observed, whereas no difference was observed in the time of tooth eruption. This altered pattern of developmental events in the pups may relate both to undernourishment and to the reduced amounts of EGF in the milk. Early neonatal treatment of newborn rats with excessive amounts of EGF markedly accelerates the time of eyelid opening (28). The incisor eruption is accelerated only to a minor degree (28), probably because of a more prolonged and earlier initiation of this event. Therefore, the observation in the present paper that pups of dams with a decreased supply of EGF in milk had delayed time of eyelid opening might support a physiologic role for EGF in milk in connection with the postnatal development. However, to prove a potential linkage demands a final study with normalization of the time of eyelid opening by EGF treatment of the pups.
In conclusion, the present paper has shown that untreated diabetes in rats results in significantly reduced amounts of EGF in milk. The decrement in the milk EGF concentration seems to be selective in comparison to total protein in milk, which was unaltered by the diabetic state. The decrease in the concentration of EGF was restored by insulin treatment of the diabetic rats.
